Two new prenylated flavonoids, 4',5-dihydroxy-6,7-(2,2-dimethylpyrano)-2'-methoxy-8-γ,γ-dimethylallylflavone 1 and 3'-hydroxycycloartocarpin 2 along with six known flavonoids, 5,7-dihydroxy-4'-methoxy-8-prenylflavanone 3, isobavachalcone 4, pyranocycloartobiloxanthone A 5, artocarpin 6, chaplashin 7 and cycloartocarpin 8 were isolated for the first time from the leaves and the heartwoods of Artocarpus anisophyllus Miq. The structures of isolated flavonoids were elucidated spectroscopically using 1D and 2D NMR, FTIR, MS, UV and also by comparison with literature data. These flavonoids were screened for their antioxidant and tyrosinase inhibitory activities. The dichloromethane and ethyl acetate crude extracts together with 3'-hydroxycycloartocarpin 2, pyranocycloartobiloxanthone A 5 and artocarpin 6 showed DPPH (2,2-diphenyl-1-picrylhydrazyl) radical scavenging activity with SC 50 values of 80.2, 40.0, 152.9, 20.2 and 140.0 µg/mL in 30 min, respectively. Pyranocycloartobiloxanthone A 5 exhibited significant tyrosinase inhibitory activity against tyrosinase from mushroom with IC 50 values of 60.5 µg/mL.
Artocarpus anisophyllus Miq. is one of Malaysia's rare plants which can only be found in the lowland forests of Negeri Sembilan and Johor states of Malaysia, Sumatera and Philippines. This midcanopy tree is locally known as "keledang babi" in Peninsular Malaysia or "mentawa" in Borneo. The barks of this tree are locally used as rope for backpacks, whereas the burned leaves can be applied to wounds, boils and itching scalp by mixing with coconut oil [1] . Extensive phytochemical studies on the Artocarpus genus have led to the isolation of interesting compounds especially phenolic compounds such as chalcones, flavanones, flavones, xanthones and stilbenes [2a-2f] . Interesting biological activities were also reported on these phenolic compounds [2c, 3a-3c] . However, phytochemical and bioactivity studies on Artocarpus anisophyllus has not been reported. Continuing our research on Malaysia's Artocarpus plants, we investigated the leaves and the heartwoods of A. anisophyllus Miq. Two new flavonoids 1-2, along with six known flavonoids 3-8 (5,7-dihydroxy-4'-methoxy-8prenylflavanone 3, isobavachalcone 4, pyranocycloartobiloxanthone A 5, artocarpin 6, chaplashin 7 and cycloartocarpin 8) have been successfully isolated.
The dried powdered leaves and heartwoods of A. anisophyllus were extracted successively by n-hexane, CH 2 Cl 2 and EtOAc to give six crude extracts. These crude extracts were subjected to silica gel vacuum liquid chromatography (VLC) and column chromatography (CC) to give eight prenylated flavonoids 1-8. Two flavonoids named as 4',5-dihydroxy-6,7-(2,2-dimethylpyrano)-2'-methoxy-8γ,γ-dimethylallylflavone 1 and 3'-hydroxycycloartocarpin 2 are new. The structure of these new prenylated flavonoids were determined by extensive nuclear magnetic resonance (NMR) studies and supported data by high resolution electron ionization mass spectrometry (HREIMS), ultraviolet (UV) and infrared (FTIR) spectroscopies.
Compound 1 was isolated as a pale yellow solid with m.p. 258-260°C. The TLC analysis of 1 gave a yellow spot with R f value of 0.75 (n-hexane:EtOAc = 3:2) after treating with vanillin/sulphuric acid spraying reagent which was suggestive of a flavone structure. It was also consistent with the UV spectrum which showed typical absorption maxima for flavones at 365 and 292 nm in MeOH.
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A bathochromic shift of band I induced by aqueous NaOH indicated the presence of hydroxyl group at C-4' [4a] . The molecular formula of compound 1 was deduced as C 26 H 26 O 6 based on the molecular ion at m/z 434.17185 in the HREIMS. The IR spectrum showed absorption bands for a hydroxyl (3268 cm -1 ) and a chelated carbonyl (1649 cm -1 ) group.
The 1 H NMR spectrum of 1 showed signals at δ 1.69 (3H, s, H-18), 1.96 (3H, s, H-17), 5.48 (1H, d, J = 9.2 Hz, H-15) and 6.22 (1H, d, J = 9.2 Hz, H-14) which were the characteristic of a 2,2dimethylpyrano moiety while signals at δ 1.09 (6H, d, J = 6.8 Hz, H-12 and H-13), 2.45 (1H, m, H-11), 6.56 (1H, d, J = 16.0 Hz, H-9) and 6.73 (1H, dd, J = 16.0, 7.2 Hz, H-10) were assigned to the protons of the γ,γ-dimethylallyl group. Also observed were three signals at δ 6.65 (1H, dd, J = 8.4, 2.0 Hz, H-5'), 6.44 (1H, d, J = 2.0 Hz, H-3') and 7.74 (1H, d, J = 8.4 Hz, H-6') corresponding to an ABX spin system of ring B of the flavone skeleton. Singlet signals observed at δ 6.76 and 13.67 was attributable to H-3 and a chelated hydroxyl proton (5-OH), respectively. Another singlet which integrated for three protons at δ 4.00 was assigned for the methoxy protons attached at C-2'. All proton and carbon signals were fully assigned and the positions of the 2,2-dimethylpyrano moiety and γ,γ-dimethylallyl group on the aromatic rings were determined on the basis of HMQC and HMBC spectral analysis,. The HMQC spectrum showed the correlations between all the protons with their connected carbons. The methoxy protons were connected to their attached carbon at δ 55.7 while the isolated proton for ring C, H-3 (δ 6.76) was directly connected to the carbon having a signal at δ 115.9. The HMBC correlation of the olefinic proton, H-14 (δ 6.22) to C-6 (δ 109.5) and C-7 (δ 158.9) indicated that the 2,2dimethylpyrano ring was fused to C-6 and C-7, with the O at C-7. 
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The dimethylallyl group was attached to C-8 according to the HMBC correlation of H-9 (δ 6.56) to C-7 (δ 158.9) and C-8a (δ 158.1). The substitution in ring B was deduced by the HMBC correlations of the methoxyl proton at δ 4.00 to C-2' (δ 162.7), H-3' (δ 6.44) to C-1' (δ 107.4) and C-5' (109.9), H-5' (δ 6.65) to C-1' (δ 107.4) and C-3' (δ 104.0), H-6' (δ 7.74) to C-2' (δ 162.7) and C-4' (δ 163.2). While the isolated proton was confirmed to be H-3 (δ 6.76) due to HMBC correlations towards C-1' (δ 107.4), C-2 (δ 155.6), C-2' (δ 162.7), C-4 (δ 178.4) and C-4a (δ 105.0).
These NMR data were also compared with those of the pyranoflavone, artonin A [4b] to confirm the positions of the pyrano and prenyl moieties in the structure. Hence, compound 1 was characterized as new 4',5-dihydroxy-6,7-(2,2-dimethylpyrano)-2'methoxy-8-γ,γ-dimethylallylflavone.
Compound 2 was obtained as a yellow solid with m.p. 102-105°C. The molecular formula was deduced as C 26 H 26 O 7 based on the molecular ion peak at m/z 450.16909. The spectroscopic data indicated that 2 was a derivative of cycloartocarpin 8 [4c]. The UV spectrum showed typical absorption maxima for a flavone at 357 and 257 nm in MeOH. A bathochromic shift induced by aqueous NaOH and AlCl 3 suggested the presence of free hydroxyl groups at position C-4' and C-5, respectively. Addition of boric acid induced a bathochromic shift in band 1 which confirmed the presence of ortho-dihydroxyl groups in ring B [4a] . The IR spectrum of 2 showed absorption band for a hydroxyl (3422 cm -1 ) and a chelated carbonyl (1626 cm -1 ) group.
The 1 H and 13 C NMR spectroscopic data of compound 2 resembled those of compound 8 [4c] with the exception of the ABX spin system for ring B in 8. An AB spin system for ring B was observed in the 1 H NMR of 2 at δ 6.52 (1H, d, J = 8.0 Hz, H-5') and 7.63 (1H, d, J = 8.0 Hz, H-6'). Signals for a pyrano-γ,γ-dimethylallyl group were observed at δ 6.23 (1H, d, J = 9.2 Hz, H-9), 5.40 (1H, d, J = 9.2 Hz, H-10), 1.67 (3H, s, H-12) and 1.94 (3H, s, H-13). The COSY spectrum of compound 2 showed that the signal for H-6´ was ortho-coupled to the signal at δ 6.52. The signal for H-15 was observed as a doublet of doublets at δ 6.69 (1H, J = 16.4, 6.8 Hz) due to its coupling with H-14 at δ 6.54 (1H, d, J = 16.4 Hz) and also H-16 at δ 2.46 (1H, m, J = 6.8, 6.4 Hz). The signal for H-16 was also correlated with the two methyl proton signals of H-17 and H-18 which resonated as a doublet at δ 1.08 with a J value of 6.4 Hz.
The HMBC spectrum of compound 2 showed crossed peaks from the methine proton signal for H-9 to C-2, C-3, C-4, C-10, C-11 and C-2', which confirmed the pyran ring was linked at C-3 and C-2'. The correlation of the signals at δ 6.54 (H-14) and δ 108.7 (C-6) established the attachment of the dimethylallyl side chain to position C-6. Furthermore, the cross peaks observed from H-14 to C-5 and C-7, from the methyl proton resonances for H-17 and H-18 to C-15, C-16 and C-18 supported this elucidation. The attachment of the methoxy group was established from the HMBC correlation between signal at δ 3.91 and δ 162.4 of the C-7 position. From these spectroscopic data, compound 2 was identified as 3'-hydroxycycloartocarpin. Supporting data for structure 2 was provided by comparison with NMR data of cycloartocarpin 8 [4c]. This is also the first report on the isolation of 5,7-dihydroxy-4'methoxy-8-prenylflavanone 3 from Artocarpus species. Compound 3 was previously isolated from Bosistoa brassii (Rutaceae) [5a-5b] Crude extracts and the prenylated flavonoids 1-8 were tested for their antioxidant activities against DPPH free radicals while flavonoids 1 and 3-6 were tested on their tyrosinase inhibitory activity against tyrosinase from mushroom using L-DOPA as a substrate. The activities were assayed at various concentrations, expressed in SC 50 /IC 50 values (µg/mL) and are summarized in Table  1 . Leaves of A. anisophyllus: n-hexane crude extract (AALH); dichloromethane crude extract (AALD) and ethyl acetate crude extract (AALM), Heartwoods of A. anisophyllus: n-hexane crude extract (AAHH); dichloromethane crude extract (AAHD) and ethyl acetate crude extract (AAHE).
The reduction capability of the DPPH radical by antioxidant compounds was determined by the decrease in UV absorption at 517 nm [6a] . The antioxidant activity of flavonoids is determined by the presence of a phenolic group in the structure. The results indicated that AAHE extract has strong antioxidant activity. This may due to the higher percentage content of phenolic compounds compared to the other crude extracts. Among the tested flavonoids, pyranocycloartobiloxanthone A 5, which was isolated from the AAHE crude extract, displayed the strongest antioxidant activity towards DPPH free radicals. Investigations by Feng et al. proved that the catechol structure (1,2-dihydroxyphenyl), especially at the ring B, plays an important role as the radical target site. If the flavonoids possessed hydroxyl groups at C-3 and C-5, maximum radical scavenging can be achieved. However, pyranocycloartobiloxanthone A 5 does not possess a 3-hydroxyl group or catechol structure but showed the strongest radical scavenging activity compared to the other isolated flavonoids. This may be due to the presence of the D ring that linked the B and C rings. The electron delocalization of the relative coplanar structure may be responsible for the good antioxidant properties [6b]. 3'-Hydroxycycloartocarpin 2 showed moderate scavenging activity (152.9 µg/mL) while cycloartocarpin 8 exhibited poor scavenging activity with a high SC 50 value (>1000 µg/mL). The other flavonoids (1, 3, 4, 5, 7 and 8) did not scavenge DPPH free radicals as well as pyranocycloartobiloxanthone A 5.
The tyrosinase inhibition assay was conducted based on the procedure described previously by Batubara Pyranocycloartobiloxanthone A 5 which was previously isolated from A. obtusus was also reported to be potent tyrosinase inhibitor with tyrosinase inhibitory activity of 80% and strong radical scavenger with a SC 50 value as low as 2 µg/mL [2e, 3a] . Although artocarpin 6 has a 4-substituted resorcinol skeleton at ring B, the presence of the isoprenoid-substituents at C-3 and C-6 may cause steric hindrance at the C-3 position and dramatically decreased the tyrosinase inhibitory activity. Less hydrophobic substituents were important since it might affect the tyrosinase inhibitory activity. These results proved that the presence of a resorcinol skeleton is not the only criteria for tyrosinase inhibition but the presence of other structural factors such as the number of free hydroxyl and prenyl substituent might influence to the tyrosinase inhibitory activity [3c, 7b] .
Experimental

Plant material:
The leaves and the heartwoods of Artocarpus anisophyllus Miq were collected from Madek Kahang Forest located in Kluang, Johor, Malaysia. The samples were authenticated by Mr. Ahmad Zainuddin bin Ibrahim and deposited at the Putrajaya Botanical Garden Herbarium (voucher number HTBP 1568).
Isolation procedures:
The dried powder of the leaves (2 kg) and the heartwoods of A. anisophyllus Miq (2 kg) were extracted by a cold extraction method for 72 hours and repeated thrice using n-hexane, dichloromethane and ethyl acetate as solvents. The removal of solvents under reduced pressure gave three leaves crude extracts; the n-hexane crude extract (AALH) (40.6 g, 2.03%), the CH 2 Cl 2 crude extract (AALD) (24.2 g, 1.21%) and the ethyl acetate crude extract (AALE) (15.1 g, 0.75%) and three heartwoods crude extracts; the n-hexane crude extract (AAHH) (2.2 g, 0.11%), the CH 2 Cl 2 crude extract (AAHD) (6.2 g, 0.31%) and the ethyl acetate crude extract (AAHE) (5.6 g, 0.28%).
The AALH (15 g) was subjected to silica gel VLC (270 g, 230-400 mesh, column size 10 × 12 cm) eluted with a gradient of n-hexane/EtOAc (increased polarity by 5%) to yield four major fractions based on their TLC profile. Fraction 4 (0.5 g) was purified by CC on silica gel (18 g, 70-230 mesh, column size 1.8 × 40 cm) using n-hexane/EtOAc (100:0 to 20:80) to afford 3 (16 mg, R f = 0.7, n-hexane:EtOAc = 3:2) as pale yellow needles with melting point 165-166ºC (lit. [5a] , 165-167ºC).
The AALD (15 g) was fractionated using VLC on silica gel (270 g, 230-400 mesh, column size 10.5 × 9 cm) and eluted with n-hexane/EtOAc (increased polarity by 5%) to give five major fractions. Fraction 4 (1.8 g) was purified by CC packed with silica gel (18 g, 70-230 mesh, column size 2.0 × 35.0 cm) and eluted with a gradient solvent system of n-hexane and EtOAc to afford 4 as yellow needles (24.5 mg, R f = 0.6, n-hexane:EtOAc = 3:2) which melted at 170-173ºC (lit.
[5c], 165-167ºC).
The AAHH (2 g) was purified using CC packed with silica gel (40 g, 70-230 mesh, column size 2.5 × 45 cm) to give seven major fractions. Fraction 4 was identified as 1 (45.3 mg, pale yellow solid, R f = 0.75, n-hexane:EtOAc = 3:2). Fraction 5 was rechromatographed over silica gel and followed by preparative TLC with n-hexane:EtOAc (7:3) and further recrystallized using n-hexane and acetone to give 2 as a yellow solid (10 mg, R f = 0.6, n-hexane:EtOAc=3:2). Purification of fraction 7 by CC and elution with n-hexane:EtOAc gave five combined subfractions. Subfraction 3 (0.42 g) was further chromatographed over Sephadex LH-20 with MeOH to afford 7 as a pale yellow solid (9 mg, R f = 0.45, n-hexane:EtOAc = 3:2) with melting point 230-232ºC (lit.
[5f], 230ºC).
Fractionation of the AAHD (5 g) by VLC on silica gel (65 g, 230-400 mesh, column size 8.0 × 6.0 cm) and elution with n-hexane/EtOAc (increased polarity by 5-10%) gave six major fractions. Fraction 2 (1.02 g) was further purified using CC over silica gel (70 g, 70-230 mesh, column size 2.0 × 45 cm) and gave three new subfractions. Subfraction 2 was subjected to Sephadex LH-20, followed by recrystallization using n-hexane and acetone to give 8 as a yellow solid (11.2 mg, R f = 0.65, n-hexane: EtOAc = 3:2) with melting point 189-190ºC (lit. [4c], 190ºC) . Fraction 4 (1.0 g) from VLC was chomatographed over silica gel using CC (75 g, 70-230 mesh, column size 1.5 х 30.0 cm) to afford 6 as an orange powder (0.30 g, R f = 0.5, n-hexane:EtOAc = 3:2). AAHE (3.2 g) was directly purified using CC (60 g, 70-230 mesh, column size 2.5 × 45.0 cm) to afford 5 as an orange powder (53.8 mg, R f = 0.25, n-hexane:EtOAc = 1:1) with melting point 287-290ºC (lit.
[2e], 288-290ºC). Dihydroxy-6,7-(2,2-dimethylpyrano) (C-4a), 108.7 (C-6), 109.6 (C-5'), 109.9 (C-1'), 109.9 (C-3), 115.6 (C-14), 120.9 (C-10), 125.2 (C-6'), 139.2 (C-11), 142.6 (C-15), 155.1 (C-8a), 155.2 (C-2'), 158.0 (C-3'), 158.1 (C-2), 159.0 (C-5), 161.0 (C-4'), 162.4 (C-7), 178.5 (C-4 
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Determination of Antioxidant Activity:
The free radical scavenging activity of the crude extracts and flavonoids were determined using UV spectrophotometric techniques as described by Tagashira et al. with minor modification [6a] . The DPPH methanolic solution was used as control while butylated hydroxyanisole (BHA) was used as the standard reference.
Determination of Tyrosinase Inhibitory Activity:
Tyrosinase inhibitory activity was determined using dopachrome method against tyrosinase enzyme from mushroom with minor modification [7a] . Assays were conducted in a flat bottomed 96 well plate and the absorbance was measured using the EPOCH (BioTek, Winooski, Vermont, USA) microplate reader at 475 nm with 700 nm as reference.
